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YAK 636.4.033:637.053

FEHETUYECKASA OBYCJ1IOBJIEHHOCTb
OTKOPMOYHbIX KAYECTB CBUWHEM
no psAAYy QTL

M. PackaroBa, covuckartesb

. KOCTIOHNHAa, KaHanAaT 6Mo/IOrMYeCKnX HayK

. TpacnoB, kaHanaaT 6M0/I0rMYEeCKnNX HayK

. LllaBbIpHUHAa, KaHanAAT 6MOIOrNYECKMX HayK

H A. 3MHOBbEBa, 40KTOp 6MOIOrMYECKMX HayK, rnpogeccop,
akagemnk PAH

Bcepoccuiickmnii HayYHO-MCCeA0BaTENbLCKUI MHCTUTYT XMBOTHOBOACTBA
numeHun akagemuka J1. K. OpHcra, Poccus

U3yyeH nommopgusm reHos CAST249, CAST638; N30T, S52G,
1199V, R200Q B reHe PRKAG3; MC4R, IGF2, CCKAR y TpexrnopoaHbIx
rmépuaos. JINHENHO-PErpeCCUOHHbIVI aHaIN3 rnokKasaresieri OTKOPMOYHOM
npoAyKTUBHOCTH MOKa3asa Hamdme 3HaqymMoro aaanTMBHOIro, AOMUHaHT-
Horo u obuero agpgekta reHa CAST638 Ha nokasatenmn Bec K y60to, BO3-
pact goctmkeHus maccbl 100 KniorpaMm M CpeaHECYTOYHbIN MPUpPOCT.
bbin1 BbISIB/IEH 3HAYUMbIN JOMUHAHTHbIN 3¢pekT reHoB CAST638 u MC4R,
aaanTmnBHbIk 3¢ppexkT reHa CCKAR v 3Ha4uMbiii 06Lumii 3¢ppexT reHa IGF2
Ha NpU3HaK A/IMHbI Ty/10BuLYa. Bblin BbisiB/IEHbI TEHAEHUNN K 3aBUCMMOC-
™ Mexay BecoM K y6or u reHamu PRKAG3 B nosuuymnm S52G u CCKAR,
0 BO3pacTy A0CTuxeHus maccbl 100 kr n reHam MC4R n CCKAR, ro npu-
3HaKy ToJILUMHbI Wnuka v reHy CAST638, o npun3Haky cpeaHecyToO4YHOro
npupocra un reHy MC4R, no npusHaky maccbl okopoka v reHy PRKAG3 B
no3unuymnn N30T, no gunameTpy AMHHeEALWeR Mbiliybl criHbl v reHy CCKAR.

TADOO
> W

2

KnroueBble cnoBa: cBuHbM, QTL, reHeTUYeCcKuii MapKep.

IIocraHoBKa mnpobGaemsbr. CrabHan3aliisd IIOTOAOBBS U
JaAbHEHIIIee HapallliBaHHE TEMIIOB IIPOU3BOACTBA CBHUHHHEI
HaxoAdTCcd B MIPAMOM 3aBHCHMOCTH OT YCKOPEHHUS HAY4HO-TEX-
HHUYECKOI'O IIporpecca B OTPacAM, a Takxke 3(M(PEKTUBHOCTU
CEAEKIIMOHHO-TIAEMEHHOH  paboTbl II0 COBEPIIEHCTBOBAHUIO
CYLIECTBYIOIIMX K CO3JAHHIO HOBBIX BBICOKOIIPOAYKTUBHBIX
reHoTUIOB [2]. OTKOPMOYHBIE U MACHBIE KadyeCcTBa CBHHEHN OTHO-
CATCS K YHCAY IIPHU3HAKOB, B HAUOOABIIIEH CTEIIEHHM OIIPEACASIONINX
SKOHOMHUYECKYI0 3(h(PeKTHBHOCTb CBUHOBOJCTBA. B cBA3H ¢ 3THUM
HapaBHEe C TPaAUIIMOHHOU ceAeKInell Bce OOAblIIee IPUMEHEHHE
HaxXoOdT METOAbl MAapKEPHOM CEAEKIUH, IIpeaycMaTpUBAaroleH
HCIOAB30BaHHE B CEAEKIIMOHHBIX nporpammax [IHK-mapkepos,

© PackaroBa C. M., Koctionuna O. B., TpacmnoB A. A. Ta iH., 2015
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HaIpsaMyI0 HAM KOCBEHHO cBa3aHHBIX ¢ QTL orkopmouHO® u
MSICHOHM ITPOAYKTHUBHOCTH. MCIIOAB30BaHHE PE3YyABTATOB MOAEKY-
ASIPHO-TEHETUYECKOTO aHaAM3a B CBUHOBOJACTBE MOXKET YCKOPHUTH
IIpOrpecc B CEAEKIIHOHHO-IIAeMeHHOH pabore. Ha ocHoBanuu
aHaAM3a MOAHHBIX MHPOBBIX HH(POPMAIIMOHHBIX PECYpPCOB ObIA
BoIaBAeH pan reHoB IGF2, MC4R, CAST, PRKAG3, CCKAR, noreH-
IIHUaABHO OKAa3bIBAIOIINX BAUSGHHE Ha Ka4€CTBO CBUHHUHBI U BBIXO.,
IIPOAYKIIHUH.

Tak, Opu H3Y4YEHUH CBA3KM MEXKAYy IIOAMMOP(U3IMOM pellell-
TOpa MEAAHOKOPTHHA 4 M YIIUTAHHOCTBIO TYII, HOTPebAeHUEM
KopMa U yBeanmdeHHeM Beca cBHUHe#H Chen u coaBTops! [3], Kim
U coaBTOPE! [4] 1 Meidtner u Koaseru [S5| 0GHAPYKUAH, YTO I'eH
MC4R moxkeT ObITH HCIIOAB30BaH B Ka4eCTBE T€HEeTHIEeCKOro Map-
Kepa [IAS 3TUX HPU3HAKOB B ceaeKInr KUBOTHBIX. CCKAR (ren
pelLierITopa XOAEIIHCTOKHHIHA A) CBgI3aH C KOHBepCcHed KopMa U
MHTEHCHUBHOCTBIO POCTa, B PE3yAbTATe Yero OKa3blBAeT BAUSHIE
Ha (PHU3HOAOTHYECKHM KOHTPOABL ITOTPeOAEHHS KOPMOB 3a CYeT
obocTpeHus gyBcTBa roaona [6-8]. I'er IGF-2 (nECyAHHOIIOIOOHBIHN
dakTop pocTa 2) dBASETCH TAABHBIM T€HOM, BAHUSIOIIMM Ha
IIOBBIIIIEHHE CPEAHECYTOUHBIX IIPUPOCTOB Ha OTKOPME U YBeAHUe-
HUeE MSICHOCTH TVIII.

IleAb}0 HCCAEZOBaAHHH SIBHUAOCH H3y4YeHHE TIeHETHYeCKOH
006yCAOBA€HHOCTH OTKOPMOYHBIX KadecTB cBHHeH 1o pany QTL.

MaTepHaa H MeTOAHKaA HCCAeZOBaHHH. liccaemoBanus npo-
Boayau B 2012 r. Ha ABYX OIBITHBIX I'PYIIIIaxX TPEXIIOPOIHBIX I'H-
6punoB 1o 30 ocobet B KaxkaoH. OILIEHKY KUBOTHBIX IIPOU3BOAHAN
B Bo3pacTe 180 muei. [IpogoAKUTEABHOCTE OTKOPMAa COCTaBHAA B
rnepBoM onbITe 98 nHell, Bo BropoM — 95 aHei. 3aTparsl KopMa B
KOPMOBBIX €qUHUIIaX (PUKCHUPOBAAUCH HA ypoBHE 3,22 K. €. 110
IepBOMy OIbITY, 3,24 K. €/1. II0 BTOPOMY OIIBITY IIPU CpeaHeN HOp-
Me rorpebaeHuda 2,5 Kr.

MaTeprasoM CAyKHAH IIpOObI TKaHU (VIIHOM BBIIIUII) CBHU-
Heti. Boigeaenue [JHK mpoBoaMAY C TIOMOIIBIO Habopa peareHTOB
nas BeigeaeHus JJHK DIAtom™ DNA Prep100 (OOO «AaGopa-
Topusd M3oreH», MockBa) cOraacHO PEKOMEHIAIIUSM IIPOU3BO-
outeada. Anaam3 [IHK u mocranoBky I[IIIP mpoBomuam coraacHoO
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«MeTogu4YeCKUM PEKOMEHIAITUSIM I10 HCIIOAB30BaHUIO MeToAa I10-
AVMeEpa3HOH IIeITHON peaKIIMH B KMBOTHOBOACTBE» [1].

I[Moaumopduzm uccaenyemorx reHoB CAST249; CAST638;
N30T, S52G, 1199V, R200Q B rene PRKAG3; MC4R; IGF2; CCKAR
onpeneaasn MetogoMm I[IHP-II/IP® u IIIIP aHaau3a ¢ mnocaeny:o-
UM IIMPOCEKBEHHPOBAHHEM C HCIIOAB30BAHHEM TECT-CHCTEM,
pa3paboTaHHbBIX B LleHTpe OMOTEXHOAOTHH M MOAEKYASIPHOM IH-
arHoCTHKM ['ocymapCTBEHHOE Hay4dHOe ydpexnaeHue Bcepoccuii-
CKUHM HAy4YHO-HUCCAEAOBATEABCKUM HHCTHUTYT KHUBOTHOBOICTBAa
umeHu akagemuka A. K. OpHcra. [aag omnpemeseHUs BAUSHUSA
JHK-MapKepoB Ha Ka4eCTBEHHBIE T0KA3aTEAHN ITOAKOXKHOTIO0 XKUpa
OCYIIECTBAGIAU AMHEHHO-PETPECCUOHHBIN aHAAU3 C UCIIOAB30BaHH-
eM IIporpaMMHOro obecriedenud Stata 12 (CILIA).

Pe3yAbTaTBl HCCAEOBAaHHH H HX o0OcyxkaeHue. AHa-
AW3 TIOAMMOpP(H3Ma HCCAENOBaHHBIX T'€HOB II0Ka3aA OTCYTCTBHE
IIOAMMOP(HBIX BAPUAHTOB yV MCCAEIOBAHHBIX JKUBOTHBIX I10 T€eHAM
CAST249 u R200Q B rere PRKAGS. Ilo reny PRKAG3 B no3unuu
V1991 B oboux 3KCIriepuMeHTax He ObIAO BbIIBAECHO BapuaHTa Il
o reHy IGF2 B obeux rpynmnax He ObIAO 3apHUKCUPOBAHO 0CO6EH C
(qq '€HOTHIIOM M B IIEPBOM 5KCIIEPHUMEHTE HE OTMEYaACs BapHaHT
AA rena CCKAR.

PesyapTaTbl AMHENHO-PETPECCHOHHOTO aHaAM3a acCoIlHallui
II0 Pa3AHYHBIM NPOAYKTHUBHBIM IIpPH3HAKaM C KOJOMHHAHTHBIM
acpdpexTom (0,1) mpeacraBaeHb! B TabA. 1-2.

PesyabTaTel HCCA€QOBAHUN IOKA3bIBAIOT, YTO IIO IIPHU3HA-
KaM Bec K y0olo, Bo3pacT HOCTHKeHHd Macchl 100 KuaorpamMm
U CpeIHEeCyTOYHBIH IIPUPOCT oOHapysKeH 3HaYuMblil mpu P<0,05
aJOIUTUBHBIA W MOMHHAHTHBIM, a TakxKe o0 3pdeKThl reHa
CAST638 B mepBoM 3KclepuMeHTe. Ilo OJaAMHE TyIIHM y CBH-
Hell W3 MHEepBOM TpPyHIIbI ObIA BBIIBAE€H 3Ha4uMbId nipu P<0,05
noMuHaHTHBIH 3¢dekT reHoB CAST638 um MC4R. Ilo BTOpOMY
SKCIEPUMEHTY ObIA BhIIBACH 3HAYUMEBIH (npu P<0,05) agauTuBHEIH
a¢pderr rena CCKAR u 3uauyumsbrit (mpu P<0,01) oGiwmii acpdpert
reHa IGF2 Ha nmpu3HaK JANHBI TYAOBHIIA.
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Tabanya 1

JIHeiHO-perpeccuoHHbIN aHa/IM3 OTKOPMOUHbIX KauecTB CBUHEN
(axkcnepumeHT 1)

ApANTUBHbBbIA JAOMMWHAHTHbIN .
MNMpusHak SNP ac ekt o ekt 06wmit sppekr
F Prob>F F Prob>F F Prob>F
CAST638| 5,34 0,029% 6,35 0,018* 3,93 0,032*
. N30T 0,13 0,717 0,03 0,861 0,07 0,934
g S52G 0,55 0,463 2,98 0,096 2,27 0,122
o V1991 - - - - 0,2 0,662
@ MC4R 2,84 0,103 2,84 0,103 2,24 0,126
CCKAR - - - - 0,07 0,8
IGF2 - - - - 0,06 0,814
m CAST638| 5,12 0,032% 6,34 0,018* 3,86 0,034*
LSZ N30T 0,13 0,719 0,04 0,85 0,07 0,936
S S52G 0,54 0,468 3,04 0,093 2,29 0,12
22L [ viool - - - - 0,22 0,643
369 MC4R 2.94 0,098 2.8 0,106 2,27 0,123
9= | CCKAR - s - - 0,07 0,794
IGF2 - - - - 0,06 0,812
CAST638 | 2,29 0,142 3,9 0,059 2,14 0,137
wZ N30T 0,97 0,332 0,11 0,746 0,54 0,59
N S52G 0,02 0,888 0,24 0,631 0,16 0,855
ERY; V1991 - - - - 0,24 0,625
3 MC4R 1,53 0,227 2,39 0,133 1,56 0,228
=3 CCKAR - - - - 0,07 0,795
IGF2 - - - - 0,01 0,938
CAST638| 599 0,021* 6,17 0,019* 4,08 0,028
s S N30T 0,12 0,726 0,01 0,912 0,07 0,933
a3y S52G 0,56 0,462 2,78 0,107 2,15 0,136
528 [vioal - - - - 0,13 0,72
L3 MC4R 2.4 0,133 2,91 0,1 2.1 0,142
O £ [T CCKAR - - - - 0,05 0,828
IGF2 - - - - 0,05 0,82
= CAST638 2.7 0,112 4,42 0,045* 2,45 0,105
© N30T 0,78 0,384 0,27 0,604 0,39 0,68
£ S52G 0,26 0,616 2,67 0,114 1,81 0,183
s V1991 - - - - 0,05 0,822
=3 MC4R 1,96 0,173 7,48 0,011% 3,98 0,031%
=y CCKAR - - - - 0,05 0,822
- IGF2 - - - - 0,89 0,354
_ CAST638 1,46 0,237 0,23 0,634 0,74 0,487
; N30T 0,01 0,926 2,68 0,113 1,93 0,165
8o S52G 553 0,026* 0,96 0,335 2,83 0,077
93 V1991 - - - - 0,16 0,689
=g MC4R 1,55 0,223 0,13 0,72 1,04 0,369
% CCKAR - - - - 0,13 0,726
IGF2 - - - - 0,27 0,608
< 3 | CAST638 1,13 0,297 0,06 0,815 0,62 0,545
a0ZI N30T 0,4 0,531 0.2 0,656 0,21 0,815
e 5 S52G 1,45 0,238 1,7 0,204 2,15 0,137
=0 3 [ vioor - - - - 0,22 0,64
5i3 MC4R 0,05 0,822 1,42 0,243 0,72 0,498
53 CCKAR - - - - 2,96 0,097
= IGF2 - - - - 0.3 0,586

lpumeyanne: * P<0,05; ** P<0,01
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Tabanya 2

JIHeiHO-perpeccuoHHbIN aHa/IM3 OTKOPMOUHbIX KauecTB CBUHEN
(axkcnepumeHT 2)

ApANTUBHbBbIA JAOMMWHAHTHbIN .

MNMpusHak SNP ac ekt o ekt 06wmit sppekr
F Prob>F F Prob>F F Prob>F

CAST638 - - - - 0,52 0,478

_ N30T 1,07 0,311 0,38 0,545 0,67 0,519

¥ S52G 0,37 0,55 0,21 0,653 0,92 0,412
[ V1991 - - - - 0,89 0,355
& MC4R 2,58 0,12 1,02 0,322 1,36 0,274
CCKAR 0,06 0,802 3,73 0,064 2,02 0,153

IGF2 - - - - 0,34 0,563

= CAST638 - - - - 0,52 0,477
- T N30T 1,06 0,311 0,36 0,553 0,66 0,523
S S52G 0,38 0,542 0,21 0,65 0,95 0,401
22L [ viool - - - - 0,89 0,353
265 2 MC4R 2,58 0,12 1 0,326 1,37 0,272
g - CCKAR 0,07 0,799 3,81 0,061 2,06 0,147
IGF2 - - - - 0,35 0,562

CAST638 - - - - 0,43 0,518

w E N30T 0 0,972 1,66 0,208 0,84 0,442
Bl S52G 0,63 0,435 0,39 0,539 0,32 0,729
ERY V1991 - - - - 0,08 0,784
3 MC4R 1,55 0,224 1,99 0,17 1,02 0,374
=3 CCKAR 0.7 0,41 0,18 0,672 04 0,677
IGF2 - - - - 0,84 0,369

CAST638 - - - - 0,32 0,575

St N30T 0,89 0,353 1,11 0,302 0,92 0,41
gy S52G 0,27 0,606 0,14 0,716 0,64 0,533
338 V1991 - - - - 0,91 0,348
8 £3 MC4R 1,78 0,193 0,84 0,367 0,91 0,415
Sl = CCKAR 0 0,969 2,67 0,114 1,38 0,27
IGF2 - - - - 0,46 0,503

= CAST638 - - - - 0,19 0,668

© N30T 1,61 0,216 1 0,326 1,2 0,316

o {E‘I" S52G 0,42 0,52 2,33 0,139 1,32 0,284
== V1991 - - - - 0,17 0,682
=3 MC4R 0,21 0,651 0,07 0,787 0,6 0,557
S CCKAR 2 0,031* 1,53 0,227 3 0,066
- IGF2 - - - - 9,35 0,005**

. CAST638 - - - - 0,01 0,935

¥ N30T 3,39 0,077 1,53 0,226 2,28 0,121
Cc S52G 1,13 0,297 0,47 0,498 0,57 0,573
93 V1991 - - - - 0,52 0,479
=g MC4R 1,11 0,302 0,03 0,863 1,78 0,188
3 CCKAR 2,76 0,108 0,37 0,55 1,76 0,192
IGF2 - - 2,38 0,134

< 3 CAST638 - - - - 1,53 0,227
n I N30T 1,05 0,314 0 0,959 0,53 0,597
o E 5 S52G 0,12 0,736 0,37 0,546 0,75 0,483
£ -5 vioar - - - - 1,22 0,278
é B g MC4R 0,21 0,648 0,27 0,606 1,08 0,355
5[ 3 CCKAR 0,03 0,862 1,44 0,24 0,79 0,465
= 1GF2 - - - - 1,01 0,324

lpumeyanne: * P<0,05; ** P<0,01

~
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Tak>Ke B HEKOTOPBIX CAy4YasaX ObIAM BBIIBAEHBI aCCOLIMAIINY, HO-
cdime xapakTep TeHaeHuu (mpu P<0,10), Tak 1o mpusHaKy Beca K
y0010 110 TIEPBOMY OIIBITY TEHAEHIINSI K JOMHUHAHTHOMY 3(p(EeKTy TeHOB
PRKAGS B no3unuu S52G (nepBbriit akcriepuMenT) 1 CCKAR (BTOpO#H
9KCIIEPUMEHT), 10 BO3PACTy HOoCTHKeHUd Macchkl 100 Kr TeHaeHIHusS
K aaguTuBHOMY 3¢ dexTy reHa MC4R (r1epBbIi 3KCIIEPUMEHT) U K I0-
MmuHaHTHOMY 3 derty reHa CCKAR (BTOpoii 3KCIIEpHUMEHT), 10 IIPH-
3HAKy TOAIIMHBI HINTHKA TEHAEHIIUS K JOMUHAHTHOMY 2(bdeKTy reHa
CAST638 (epBblif 3KCIIEPUMEHT), 110 IIPHU3HAKY CPEIHECYyTOYHOTO
IIpUpoCTa TeHAEHINS K JOMUHAHTHOMY 3 derTy reHa MC4R (nepBbIi
OITBIT), I10 IIPU3HAKY MacChl OKOPOKa TEHAECHIINS K aIIUTHBHOMY
acpderty rena PRKAG3 B nmo3unimu N30T (BTOpOii OmBIT), IO AUAMETPY
navHHeHe# mbiniel ciuHbl U reHy CCKAR (nmepBbIi 3KCIIEPUMEHT).

BeiBoabIl. Ilo mccaemyemMbIM IIpH3HaKaM 3a(pHUKCHPOBaHBI
accoluanuy, KOTopble B PA/le CAydaeB HOCHAU XapaKTep TeHIeH-

WY, 4YTO, IO BCEH BEPOATHOCTH, OOYCAOBACHO OTrpPaHHYECHHBIM
YHUCAOM HCCAEIOBAHHBIX ocobefi B 000HMX 9SKCIEepUMEHTaX.
[MoAy4yeHHBIE JaHHBIE ITIO3BOASIIOT CAEAATH ITPEAIIOAOKEHNE O HAAH-
YHM CBSA3H HEKOTOPBIX MCCAEOBAHHBIX I'eHETHYECKHUX MapKepoOB
(CAST638, MC4R, IGF2 u CCKAR) c nokazaTeasMH OTKOPMOYHOM
IPOAYKTHUBHOCTH.
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C. M. PackaroBa, O. B. KocTtoHiHa, O. A. Tpacrios, K. M. LllaBupiHa,
H. A. 3uHoB'eBa. FeHeTMYHa O6YyMOBJIEHICTb BigrogiBesIbHUX SIKOCTeH CBH-
He#i no psgy QTL.

BusyueHo nonimoppiam reHiB CAST249, CAST638; N30T, S52G, 1199V, R200Q B
reHi PRKAG3; MC4R, IGF2, CCKAR y TpboxrnopoaHux ribpuais. JTiHisiHO-perpeciviHni
aHasiiz noKasHuKIB BiAroAiBesibHOI MpoAyKTUBHOCTI MoKa3asB HasiBHICTb 3Ha4YMMoro
aANTUBHOIro, OMIHaHTHOIO i 3arasibHoro egexkty reHa CAST638 Ha noKasHUK XnBoi
macu [0 3aboro, Bik AO0CArHeHHs xuBoi macu 100 Kr i cepeaHboA060BMiA MpuUpIcT.
byB BusiBeHWHi 3Ha4YUMnii JOMiHaHTHWE egekT reHiB CAST638 i MC4R, aanTtuBHui
epekt reHa CCKAR i 3Haynmmii 3aranbHmii epekt reHa IGF2 Ha 03HaKy AOBXUHMN
Tyny6a. Bynav BuaBieHi TeHAEHUIT 40 3a/1€XHOCTI MiX XXUBOK Macor [0 3aboro i
reHamm PRKAG3 B no3uuii S52G i CCKAR, 3a BiKOM A0CArHeHHs xusoi macu 100 kr
i reHamu MC4R i CCKAR, 3a 03HaKkor ToBLUMHM WNnKY i reHa CAST638, 3a 03HaKow
cepeaHboao060B0oro Npupocty i reHa MC4R, 3a 03HaKkot macu okocTy i reHa PRKAG3
B no3unyii N30T, no giametpy HangosLworo m's3y crivHu i reHa CCKAR.

S. Raskatova, O. Kostyunina, A. Traspov, K. Shawyrina, N. Zinovieva.
Genetic conditionality of qualitative indicators of subcutaneous fat of pigs
at different QTLs.

The polymorphism of genes CAST249, CAST638; positions N30T, S52G, 1199V,
R200Q in the PRKAG3 gene; MC4R, IGF2, CCKAR the three-breed hybrids of pigs
was studied. An analysis of the qualitative indicators of fattening productivity
experimental groups was carried out. The linear-regression analysis of qualitative
indicators of fattening productivity showed signifi cant additive, dominant and both
effects of the CAST638 gene to the slaughter weight, age at weight of 100 kg and
the average daily gain. Trends were identifi ed considering the relationship between
the slaughter weight and genes PRKAG3 (in position S52G) and CCKAR, age at
weight of 100 kg and genes MC4R and CCKAR, the thickness of backfat and gene
CAST638, the average daily gain and gene MC4R, the mass ham and gene PRKAG3
(in position N30T), diameter of longissimus dorsi and gene CCKAR.
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